Written by: Kelli Tracy Jackman, MPT Supporting oral feeding skills, by breast and/or bottle, in the neonatal intensive care unit (NICU) is a delicate process requiring the ongoing balance of promoting proper nutrition and volume for growth, ensuring physiologic stability and providing positive oral and bonding experiences. When bottlefeeding premature or other high-risk infants in the NICU, clinicians must determine a feeding style and type of bottle nipple that is most appropriate to support the safety of the infant while providing the infant with a successful oral experience.
There have been many attempts to make the bottlefeeding experience more like breastfeeding, from feeding techniques to bottle/nipple selection. Many commercially available bottles claim to be "most like the breast" in fl ow, shape, and texture. However, current studies have shown that bottlefeeding is a different feeding method, regardless of nipple and bottle system choice. 3 Although nipple choice can include factors such as texture and shape, most studies agree that milk fl ow rate is very important in supporting the baby during bottlefeeding. [4] [5] [6] [7] Experts theorize that bottles interfere with breastfeeding due to the immediate and constant availability of milk rather than differences in sucking action at breast or bottle. 8, 9 Many breastfeeding experts agree that slower fl ow nipples also best support breastfeeding and physiologic stability. [10] [11] [12] High fl ow rates can also be dangerous for the high-risk infant, who is not yet able to coordinate suck-swallow-breathe responses. This can result in increased bradycardia and desaturation episodes 5, 11, 13 during oral feeding. High fl ow rate also can result in poor use of mouth musculature and can lead to oral dysfunction. 12 In addition, high fl ow rate inhibits infants' ability to self-regulate fl ow and can contribute to subsequent oral aversion and feeding dysfunction. 2, 4, 7, 11, 12 Allowing infants to self-regulate fl ow and pace themselves results in increased feeding effi ciency, shorter feeding duration, and quicker acquisition of oral feeding skills. 5, 6, 14 Flow rate that is too slow can cause fatigue, frustration, and poor growth.
There are very little data available on how nipple units compare with each other. There also seems to be no standard for "slow fl ow" in the industry.
Objectives
The objectives of this study were the following:
• To determine the fl ow rate of a wide variety of commercially available nipples marketed as "slow fl ow,"
• To determine the fl ow rate of disposable nipples commonly used in the NICU setting,
• To compare fl ow rates of commercial and disposable nipple units, and
• To develop a continuum of nipple fl ow rates from slowest to fastest Bottle nipples that are commonly used in the NICU that were tested included Enfamil slow fl ow, NUK, Similac slow fl ow, Similac standard fl ow, Similac Premie, and Enfamil Nursette.
All bottle nipples were tested using a Medela Classic Hospital grade pump fi tted with a Medela disposable personal pumping kit.
The collection bottle with pumping breast shield attached was placed on a level surface, and test bottles were fi lled with 60 milliliters of room temperature water. The bottle nipple was fi tted into the pump fl ange, and a good seal was established. If suction or seal was lost or altered during the testing period, the trial was discontinued and process started again.
The suction was set at 150 mm Hg according to previous methodologies, [15] [16] [17] [18] and the bottle was held at an approximately 20-degree angle. 19, 20 The volume in milliliters of liquid transferred from testing bottle to collection bottle in 1 minute was recorded. Each bottle and nipple system was tested three times, and an average milliliters per minute was calculated.
To further investigate the variability in fl ow rates of disposable nipples, three individual nipples from each type of disposable nipple were selected and labeled nipple 1, nipple 2, and nipple 3. Each was tested three times, and averages were calculated to compare nipples within the same type. An average fl ow for all trials of the disposable nipples was calculated.
Flow rates were ordered from slowest to fastest fl ow, according to the name of each system.
Results
See Table 1 for the volumes expressed by each commercially available nipple units, and see Table 2 for volumes expressed by each disposable nipple unit. All bottles tested at 150 mm Hg unless otherwise noted.
Discussion
• Disposable nipples appeared to have more variability in fl ow rate measurements between different disposable units as well as between trials using the same unit.
• Several commercially available nipples have slower fl ow rates than disposable nipple units.
• Commercially available nipples marketed as "slow fl ow" have a wide variety of fl ow rates.
• First Years Breast fl ow appears to have the slowest fl ow; however, some time was needed to fi ll the chamber before the start of milk fl ow. Therefore, this bottle may not be well described using the methods from this study and may have a faster fl ow than depicted here.
Our key fi ndings were that different commercially available and disposable bottle nipples demonstrate different fl ow rates with values ranging from 6 to 60 mL/min. Many nipples marketed as "slow fl ow" demonstrated double or triple the fl ow rate of others. Many nipple units appear to have poor consistency in fl ow rate from one use to the next.
When selecting a nipple based on fl ow rate, using the continuum of fl ow rates can aid the selection process. For high-risk infants needing the slowest fl ow, Playtex Ventaire, Similac slow fl ow, and Dr Brown premature, may offer the slowest fl ow rate. If an infant needs an alternate fl ow than the nipple that they are currently using, the chart may be helpful in determining the next slowest or fastest nipple available. Parents can also use the data to select a nipple fl ow that is similar to the disposable nipple that the infant has become accustomed to in the NICU, therefore avoiding unnecessary variation in the fl ow rate during oral feeding.
Using the fl ow rate chart may assist in making choices and recommendations based on each individual infant's needs but should not be used as a substitute for clinical observation and judgment. The chart is not designed to recommend any one type of bottle.
Limitations and Future Study
The fl ow rate determined by the pump system may not be the same as the fl ow rate generated by an infant. The suction generated from the breast pump cannot fully represent the suction and compression motions that an infant uses during oral feeding. Data are intended to be used to compare bottles based on performance using a consistent suction rate. All bottles tested used the same pump, at the same setting on the same day to ensure consistency in the testing situation. Future studies would benefi t from using formula or breast milk to better represent the liquid that will go through the nipple during infant feeding.
New products are always in development based on current understanding of infant feeding. Products are constantly being "improved" or "redesigned" to fi t the parents' needs and current market trends, and this study is unable to capture fl ow rate differences from modifi cations made to the bottle nipple since the time of the study.
*Data are not intended to be used to recommend certain types of bottles, rather to guide the selection process based on individual infant needs.
